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Should it Be Calculated From CT Instead of
Echocardiographic Data?*Frank A. Flachskampf, MD, PHDI n aortic stenosis, the aortic valve area (AVA)is intuitively the most appealing measure ofseverity because it is supposed to be (largely)
independent of stroke volume and left ventricular
pump function and reﬂects most closely “stenosis.”
Calculation of the AVA by the continuity equation is
routinely performed in echocardiography (1), using 3
measurements: the velocity-time integral of the ﬂow
velocity in the left ventricular outﬂow tract (VTILVOT)
(measured by pulsed-wave Doppler), the velocity-
time integral of the ﬂow velocity across the valve
stenosis (VTIAS) (measured by continuous-wave
Doppler), and the cross-sectional area of the LVOT
(ALVOT) (calculated at the level of the aortic annulus
from the diameter of the aortic annulus, assuming a
circular geometry). The AVA then is equal to ALVOT $
VTILVOT/VTIAS. Because it is derived from 3 measure-
ments, estimation of the AVA is less reliable than, for
example, measurement of the peak and mean trans-
aortic gradient. Nevertheless, “continuity area”
calculation is regarded as a fundamental part of the
echocardiographic examination of aortic stenosis.
Over the past years, however, 2 observations have
challenged the accuracy of this measurement:
1. A substantial fraction of patients with an AVA
<1 cm2, implying severe aortic stenosis, has mean
transaortic gradients <40 mm Hg despite a pre-
served ejection fraction (“paradoxic” low-gradient
severe aortic stenosis). This subgroup of aortic ste-
nosis patients (2,3) is clearly heterogeneous, and
small left ventricular volumes, concentric left ven-
tricular hypertrophy, concomitant mitral regurgi-
tation, and low-normal left ventricular ejection*Editorials published in JACC: Cardiovascular Imaging reﬂect the views of
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Cardiovascular Imaging or the American College of Cardiology.
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have all been identiﬁed as possible contributing
factors leading to low stroke volume despite a pre-
served ejection fraction. On the other hand, the
accuracy of the continuity AVA in these patients has
been questioned, implying a tendency of systematic
underestimation of the AVA by echocardiogra-
phy (3,4). Hence, “paradoxic” low-gradient severe
aortic stenosis might be an artifact due to erroneous
echocardiographic measurements, in particular
ALVOT. Also, a smaller AVA cutoff for severe stenosis
of 0.8 cm2 instead of 1 cm2 has been suggested.
2. The widespread use of computed tomography (CT)
to assess the aortic valve, aorta, and vasculature
before transcatheter aortic valve replacement has
revealed systematic discrepancies between echo-
cardiographic and CT measurements of the aortic
annulus (5,6). CT diameters of the aortic annulus
are systematically larger than echocardiographic
diameters, and the aortic annular area on CT often
shows an elliptical shape of this virtual structure,
for which standard 2-dimensional echocardiogra-
phy cannot account because it calculates a circular
area from the anteroposterior diameter. Although,
in principle, this limitation can be circumvented
by using 3-dimensional echocardiography, this is
not practical without transesophageal echocardi-
ography, a technique not routinely used in aortic
stenosis. Moreover, these discrepancies seem to
translate in clinical practice into more post-
interventional paravalvular aortic regurgitation
due to undersizing of the implanted prostheses if
they are selected according to echocardiographic
data instead of CT data (6), a complication known
to impart an adverse prognosis.
Hence, both observations suggested systematic
and clinically signiﬁcant underestimation of aortic
annulus and AVA by echocardiography.
The article by Clavel et al. (7) in this issue of
iJACC adds important new insights into this area.
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259The authors retrospectively analyzed data from 269
adult patients with aortic stenosis (average AVA, 0.94
 0.32 cm2) who underwent echocardiography and
contrast CT within 3 months. Indications for CT were
clinical, including uncertainty regarding the severity
of aortic stenosis, assessment of the aorta and pe-
ripheral vasculature, and coronary artery disease. The
study compares the AVA according to the continuity
equation by using standard echocardiography and
the AVA calculated by the continuity equation using
CT planimetry data for the aortic annular area.
Further, in one-half of the patients, CT data over the
full cardiac cycle were available, and stenotic aortic
oriﬁce areas were also planimetered. Follow-up was
obtained in 96% of patients with a mean duration of
2 years; however, patient management after the
baseline examination was not standardized.SEE PAGE 248The main ﬁndings were as follows:
1. ALVOT and AVA calculated by echocardiography
and CT by using the continuity equation correlated
quite well, with a coefﬁcient of determination (r2)
of 0.61 for the AVA, but with a bias of w0.2 cm2,
resulting in a larger CT- than echocardiography-
derived AVA. As expected, CT showed ellipticity
of the aortic annular area (ratio of smallest and
largest orthogonal diameters was <0.9 in 93%).
2. There was a similar bias when comparing
echocardiography-derived AVA with AVA planim-
etry on CT images (however, the coefﬁcient of
determination was only 0.32).
3. Plotting AVA against mean transaortic gradients,
the CT-derived AVA did not improve the ﬁt with
the expected relationship Dp w 1/AVA2 compared
with an echocardiography-derived AVA. In partic-
ular, further analyzing the CT-derived data, more
eccentric annular areas provided a worse ﬁt with
gradients than more circular ones.
4. Regarding survival under medical therapy, an
echocardiography-derived AVA of 1 cm2 provided a
similarly good prognostic cutoff as a CT-derived
AVA of 1.2 cm2. A CT-based AVA did not result in
a signiﬁcant reclassiﬁcation improvement of an
echocardiography-based AVA with regard to sur-
vival under medical therapy.
Taken together, these data indicate that there is
no inherent advantage in using the elliptic, larger,
CT-derived ALVOT instead of the circular, smaller,
echocardiography-derived ALVOT with the continuity
equation to calculate the AVA. The CT-derived AVA on
average wasw20% larger than the echocardiography-
derived AVA.How can it be that, despite a clearly smaller
and falsely circular ALVOT compared with CT, the
echocardiography-based continuity equation AVA
corresponds as well as the CT-based AVA with gradi-
ents and prognosis? On closer inspection, the echo-
cardiographic application of the continuity equation
for the calculation of the AVA contains several
important simpliﬁcations. For example, the aortic
annular area does not correspond to the region of
interest of the pulsed-wave Doppler VTILVOT mea-
surement, which is placed more inside the left
ventricle, and where the available cross section of
ﬂow is smaller than at the annulus level, especially if
a septal bulge is present. Further, as color Doppler
imaging of the systolic LVOT ﬂow frequently shows,
the ﬂow proﬁle there is not ﬂat, but skewed to higher
ﬂow velocities (with brighter colors and often alias-
ing) close to the anterior septum compared with those
close to the anterior mitral leaﬂet. These and other
sources of inaccuracy in combination appear to some
degree to fortuitously cancel out and ultimately
seem not to affect the time-proven clinical usefulness
of the method, as the data of Clavel et al. (7)
now conﬁrm. These ﬁndings also are in line with
data showing that, despite substantial scatter, an
echocardiography-calculated AVA and invasively
calculated AVA according to the Gorlin equation are
in good agreement with minimal bias (8).
Another interesting aspect of this study is the in-
clusion of CT planimetry data of the stenotic aortic
valve oriﬁce. Although the study cannot be considered
deﬁnitive in this regard, it does document a system-
atically larger AVA by CT planimetry than by echocar-
diography, and this conﬁrms previous reports from
other researchers (9,10). It should be noted, however,
that this is not entirely surprising because continuity-
based AVA calculates an effective AVA, which by deﬁ-
nition is smaller than an anatomic AVA (11).
Regarding the debate about the undersizing of
transcatheter aortic prostheses due to echocardio-
graphic measurement of the aortic valve annulus, this
can be informed by the present data. Original sizing
recommendations for prostheses on the basis of
echocardiographic measurements may need to be
revised “upward” to minimize post-interventional
paraprosthetic regurgitation, but there is no reason
to assume that echocardiographic measurements are
inherently inferior to CT measurements.
Important limitations of the study include patient
selection by the presence of a clinical indication for CT.
Furthermore, the 2-year follow-up primarily was
analyzed and is displayed in the ﬁgures with regard to
death under medical therapy; patients were censored
if they underwent valve replacement. However,
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260the authors provide the information that the cutoffs,
1.0 cm2 for echocardiography and 1.2 cm2 for CT, which
signiﬁcantly predicted the primary endpoint, also
were signiﬁcant predictors of the secondary combined
endpoint “death or aortic valve replacement.” The
surprisingly high death rate under medical therapy of
20% within 2 years, twice as high as in other reports
(12), indicates that comorbidities and other factors
extraneous to aortic valve disease probably played an
important role in managing these patients. Finally,
measurement reproducibility for echocardiographic
and CT measurements was not provided.
What practical consequences can be drawn from
the study of Clavel et al. (7)? All measurements aremethod dependent, and the AVA is no exception. This
large and complex study provides reassurance of
continued use of the standard echocardiographic
method of calculating the stenotic valve area by the
continuity equation and the use of the traditional
cutoff value of 1 cm2 for diagnosing severe aortic
stenosis. If CT data are used, a higher cutoff for the
AVA needs to be considered to diagnose severe aortic
stenosis.
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